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APPARATUS FOR COMPENSATING FOR CHARACTERISTICS OF LASER 
DIODE AND OPTICAL TRANSMITTER INCLUDING THE APPARATUS 



BACKGROUND OF THE INVENTION 

This application claims the priority of Korean Patent .Application No. 2003- 
19823, filed on March 29, 2003, in the Korean Intellectual Property Office, the 
disclosure of which is incorporated herein in its entirety by reference. 

1 . Field of the Invention 

The present invention relates to an apparatus for compensating for 
characteristics of a laser diode and an optical transmitter including the apparatus, 
and more particularly, to an apparatus for compensating for characteristics of a laser 
diode varying depending on variations in a temperature and an optical transmitter 
including the apparatus. 

2. Description of the Related Art 

In general, on the characteristic curve of a semiconductor laser diode (LD), 
as an ambient temperature increases, a threshold current l t h increases and an 
inclination q, namely slope efficiency, of a current-optical output curve decreases. 

FIGS. 2A and 2B show such characteristics of an LD. FIG. 2A shows a 
lower temperature characteristic compared to a temperature characteristics of FIG. 
2B. Reference numerals 20-1 and 20-2 denote average powers of the LD, 
respectively, reference numerals 21-1 and 21-2 denote amplitudes of output optical 
pulses, and reference numerals 22-1 and 22-2 denote threshold currents at Ti and 
T 2 , respectively. Reference numerals 23 and 24 denote a bias current signal and a 
modulation current signal input to the LD, respectively. 

Referring to FIGS. 2A and 2B, as the temperature increases, the inclination 
of the curve decreases. Subsequently, an optical power level decreases, and an 
extinction ratio Pi/P 0 , which is defined as an optical power ratio corresponding to 
digital levels "1" to "0", decreases. Accordingly, as the temperature increases, 
transmission efficiency is lowered. In a case of a transmission module used for an 
optical communication, an extinction ratio is recommended according to the 
specification of the International Telecommunication Union (ITU). Thus, the 
extinction ratio may not satisfy the ITU specification in a predetermined temperature 
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range due to the temperature characteristic of a semiconductor LD. Also, output 
powers Pi and P 0 of the LD corresponding to the levels "1" and "0" need to be 
constant regardless of variations in the temperature so that an optical receiver easily 
performs a signal reception operation. Therefore, a bias current and a modulation 
5 current of a semiconductor LD need to be controlled to provide a constant extinction 
ratio and optical output power regardless of variations in the temperature. 

In the prior art, an apparatus as shown in FIG. 3 is adopted to control a bias 
current and a modulation current. Referring to FIG. 3, when an LD outputs an 
optical signal, a photo-detector (PD) detects the optical signal and converts the 

10 optical signal into an electric signal. A bias current controller 30 detects a 
difference between peak levels via positive and negative peak sensors Di and D 2 , 
compares the difference with a first reference voltage V re n transferred via a 
resistance Ri at level "1", and controls a bias current of the LD. A modulation 
current controller 31 compares a second reference voltage V re t2 transferred via a 

15 resistance R 2 , which sets an average optical output, with an output of the PD and 
controls a modulation current. 

However, in a method of controlling a bias current of an LD using an average 
optical output value, if the inclination of the characteristic curve of the LD fluctuates 
depending on variation in a temperature, an extinction ratio varies sharply. Thus, it 

20 is difficult to completely compensate for the variations in the temperature. 

SUMMARY OF THE INVENTION 
The present invention provides an apparatus for compensating for 
characteristics of a laser diode (LD) by varying a bias current of the LD depending 
25 on variations in a temperature so as to allow an output optical power of the LD to be 
constant and an optical transmitter including the apparatus. 

According to an aspect of the present invention, there is provided an 
apparatus for compensating for characteristics of a laser diode so that the laser 
diode outputs an optical power at a constant level, the apparatus comprising: an 
30 optical output detector which detects an optical power output from the laser diode 
and converts the optical power into a voltage; a bias current controller which detects 
a maximum level of the voltage and outputs a first control value corresponding to a 
difference between the maximum level and a first reference voltage; a modulation 
current controller which detects a minimum level of the voltage and outputs a second 
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control value corresponding to a difference between the minimum level and a 
second reference voltage; and a laser diode driver which outputs a drive current to 
the laser diode according to the first and second control values. 

According to another aspect of the present invention, there is provided an 
5 optical transmitter for converting data to be transmitted into an optical signal and 
transmitting the optical signal, the optical transmitter comprising: a laser diode which 
outputs an optical signal according to a predetermined drive current; an optical 
output detector which detects an optical power output from the laser diode and 
converts the optical power into a voltage; a bias current controller which detects a 

10 maximum level of the voltage and outputs a first control value corresponding to a 
difference between the maximum level and a first reference voltage; a modulation 
current controller which detects a minimum level of the voltage and outputs a second 
control value corresponding to a difference between the minimum level and a 
second reference voltage; and a laser diode driver which receives the first and 

15 second control values as control signals and the data, generates currents according 
to the control signals and the data, and outputs the currents to the laser diode as the 
drive current. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The above and other features and advantages of the present invention will 

become more apparent by describing in detail exemplary embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 illustrates a structure of an apparatus for compensating for 
characteristics of a laser diode (LD) and an optical transmitter including the 
25 apparatus, according to the present invention; 

FIGS. 2A and 2B are graphs showing general temperature characteristics of 
an LD; and 

FIG. 3 illustrates a structure of an apparatus for compensating for 
characteristics of an LD and an optical transmitter including the apparatus, according 
30 to the prior art. 

DETAILED DESCRIPTION OF THE INVENTION 
Hereinafter, the present invention will be described in detail with reference to 
the attached drawings. 
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FIG. 1 illustrates a structure of an apparatus for compensating for 
characteristics of an LD and an optical transmitter including the apparatus, according 
to the present invention. Referring to FIG. 1, the apparatus includes an optical 
output detector 2, a bias current controller 3, and a modulation current controller 4. 
5 The optical transmitter includes an LD 1 which receives a drive current value 
controlled by the apparatus and an LD driver 5 which drives the LD 1 according to 
input data. 

The optical output detector 2 includes a PD 2-1 , a resister 2-2, and a trans- 
impedance amplifier (TIA) 2-3 which is in parallel connected to the resister 2-2. The 

io PD 2-1 detects an optical signal, which is output in the pulse form from the LD 1 , and 
converts the optical signal into a current. The resister 2-2 and the TIA 2-3 convert 
the current into a voltage. For example, when the PD 2-1 detects a current level 
corresponding to the output power P 0 of FIG. 2, the resister 2-2 and the TIA 2-3 
convert the current level into a maximum voltage level. 

15 The bias current controller 3 includes a top holder 3-1 and an automatic 

power controller (APC) 3-2. The modulation current controller 4 includes a bottom 
holder 4-1 and an automatic modulation controller (AMC) 4-2. The top holder 3-1 
and the bottom holder 4-1 detect maximum and minimum levels of a voltage, 
respectively, which is output in the pulse form from the TIA 2-3, hold the maximum 

20 and minimum levels for predetermined periods of time, and output the maximum and 
minimum levels. It is preferable that the APC 3-2 and the AMC 4-2 are operation 
amplifiers. 

The APC 3-2 receives and compares a DC value corresponding to the 
maximum voltage level output from the top holder 3-1 and a first reference voltage 

25 REF1 , amplifies a difference between the DC value and the first reference voltage 
REF1 , and outputs the amplification result as a control value to the LD driver 5. 
The AMC 4-2 receives and compares a DC value corresponding to the minimum 
voltage level output from the bottom holder 4-2 and a second reference voltage 
REF2, amplifies a difference between the DC value and the second reference 

30 voltage REF2, and outputs the amplification result as a control value to the LD driver 
5. The LD driver 5 outputs a drive current to the LD 1 according to data to be 
transmitted and the control values output from the bias current controller 3 and the 
modulation current controller 4. The LD 1 outputs an optical power at a constant 
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level, whose its output power is adjusted according to the drive current. Here, the 
first and second reference voltages REF1 and REF2 are given externally. 

A process of controlling the bias current in the above-described structure will 
now be described. When a temperature of the LD 1 increases, as shown in FIG. 2, 
5 the power level P 0 decreases. As a result, the voltage level detected by the top 
holder 3-1 becomes greater than the first reference voltage REF1. The APC 3-2 
outputs the control value corresponding to a difference between input values, and 
the LD driver 5 increases the bias current by the control value. Thus, the optical 
power P 0 output from the LD 1 gets lift up. Accordingly, once reference voltages 
10 are set regardless of an employed LD, the power level P 0 can be prevented from 
dropping to a predetermined level due to a feedback. 

According to the same principle, the AMC 4-2 outputs the same voltage as the 
second reference voltage REF2 so as not to drop the power level Pi of the LD 1 . 

As described above, according to the present invention, an optical power at a 
15 constant level can be obtained regardless of the characteristics of an LD by 
externally setting reference voltages. As a result, a relatively stable transmission 
module for an optical communication can be realized at a low cost using a simple 
method. 

While the present invention has been particularly shown and described with 
20 reference to exemplary embodiments thereof, it will be understood by those of 
ordinary skill in the art that various changes in form and details may be made therein 
without departing from the spirit and scope of the present invention as defined by the 
following claims. 
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